W ERNICKE'S encephalopathy is an acute neurologic disorder characterized by ocular paralyses, nystagmus, ataxia, and mental disorder. In this country the syndrome is encountered almost exclusively in patients with chronic alcoholism; however, it is generally agreed that the role of alcohol is secondary and that the primary cause is a nutritional deficiency, specifically of thiamine. ' Despite the fact that the Wernicke syndrome is so clearly related to thiamine deficiency, it is rarely accompanied by overt signs of congestive heart failure. In a series of 86 patients with Wernicke's encephalopathy, only 1 manifested the advanced signs of beriberi heart disease.2 Nevertheless, there were indications of disordered cardiovascular function in many of these patients. The history may have disclosed complaints such as postural "dizziness" or fainting, and on examination, tachycardia and minor electrocardiographic abnormalities were frequent findings. Some patients showed dyspnea on slight exertion, and a few died suddenly, the mode of death suggesting "cardiovascular collapse. " Little attention has been paid to the cardiac abnormalities of Wernicke's disease, and the relation of these abnormalities to thiamine deficiency has remained undefined. It was thought worthwhile, therefore, to study some aspects of cardiovascular function in such patients, particularly in relation to specific treatment with thiamine.
MATERIALS AND METHODS
For the sake of convenience this paper is divided into 2 parts. Part 1 is concerned mainly with the determination of cardiac output (table 1) and part 2 with the postural response to tilting (table 2) . Part 1. Seven patients with acute Wernicke's encephalopathy, ranging in age from 33 to 65 years, were studied. Six of these were men. None of the patients studied had fever or signs of congestive failure. Only patients who had definite ophthalmoplegia and had received no food after admission to the hospital were included in the study. With 1 exception (AN), all the patients had the characteristic mental symptoms. Chronic alcoholism, dietary deficiency, and loss of weight and of muscle bulk were common to the entire group. One patient (JC) had Laennee's cirrhosis with edema and ascites, and 5 others had an enlarged liver or abnormal "liver function" tests. In 4 patients the tongue was red and atrophic. In 6 patients the knee and ankle jerks were depressed or absent, but there were no other signs of peripheral neuropathy. All the patients showed an ataxia of stance and gait, however, probably on a cerebellar basis. At the time the patients came under observation none showed signs of inebriation or the psychomotor signs of abstinence from alcohol. Wernicke's Disease (table 2) The cardiovascular response to tilting was grossly abnormal at some time during the study in 7 of the 12 patients tested. In 3 patients the blood pressure was completely unobtainable for varying periods of time during multiple tilts; in 2 of these (JK and AN) it was unobtainable throughout most of the 5 minutes of tilting on one occasion in each patient. It was of interest that despite such profound alterations in cardiovascular response, none of our patients complained of "dizziness" or "lightheadedness" during tilting, and syncope occurred on only one occasion during the entire study. However, postural "faintness" was a complaint in the histories of 3 of our more rational patients; 2 of these (EK and AN) demonstrated marked and prolonged postural hypotension on tilting.
In every case in which the blood pressure or pulse pressure fell abnormally there was ample evidence of reflex cardioacceleratory activity in terms of a rise in pulse rate of moderate to marked degree, but less consistent evidence of peripheral sympathetic activity (sweating, pallor).
Of the 6 patients studied before treatment, only 2 demonstrated an abnormality (MG and LH). Four patients were studied both before and after thiamine administration (EK, AN, LH, and WB). Of these, an abnormality was evident in only 1 patient (LH) before treatment. Two of these patients (EK and AN) showed inadequate compensation to tilting only after treatment with thiamine. Postural responses in these patients became markedly abnormal and remained so for relatively long periods following therapy. The fourth patient (WB) whose pressure readings were difficult to define on one occasion after treatment, exhibited at that time a response to tilting that was probably abnormal, in that his pulse pressure fell to about 20 per cent of control values. Marked and prolonged systolic "overshoot" of blood pressure occurred after return to the horizontal position in 2 subjects (MS and JK) on one occasion each.
The most marked abnormalities in this series were not restricted to the older nor to the most seriously incapacitated patients. EK and AN, aged 42 and 43, were 2 of the younger patients in the group. AN was in a relatively early phase of the disease and appeared well nourished. 
DISCUSSION
The main abnormalities found in this study were the alterations in cardiac output and the high incidence of postural hypotension. Tachycardia, elevated cardiac output, and low peripheral resistance were found in 4 of 7 patients. Of 6 patients subjected to cardiac output and postural studies, 3 showed both tachycardia and postural hypotension.
A number of factors might be implicated in the high output state encountered in our patients. Laennec's cirrhosis (and possibly "fatty liver") is known to be accompanied by an elevation of resting cardiac output in certain instances.9 Of the 4 patients with an elevated cardiac output, 1 (JC) undoubtedly had cirrhosis and 3 were examples of "fatty liver." However, when the cardiac output is elevated in cirrhosis alone, it has not been shown to decline to normal levels in a few days, or in response to treatment with thiamine alone.
Two of the 4 We can offer no satisfactory explanation for the low cardiac indices seen in 2 patients (MS and HC). Neither showed evidence of congestive failure. Both these patients were malnourished to the point of emaciation, a state that may be associated with slightly lowered cardiac output.33 One patient (HC) was dehydrated and had arteriosclerotic heart disease; he died several days after his final study and postmortem examination disclosed an old apical myocardial infarction.
In attempting to explain the postural hypotension in our patients several pertinent factors should be considered. Undernutrition, present to some degree in all the patients, is commonly thought to be associated with poor vasomotor control. Postural hypotension, however, was not a prominent feature in a study on undernourished subjects.'4 The altered vasomotor response to tilting in the older age group'5 seems to be an inadequate explanation of the profound abnormalities found in the present series. Immobilization, however, in otherwise normal subjects, has been shown to predispose to orthostatic fainting in as short a period of time as 1 week.36 It is possible that the immobilization imposed on our patients by ataxia may explain the high incidence of postural hypotension.
The concurrence of tachycardia, elevated cardiac output, low peripheral resistance, and postural hypotension can best be explained by a state of peripheral vasodilatation. One patient (EK) was known to have essential hypertension (increased peripheral resistance) before the onset of Wernicke's disease. During the acute phase of the illness his blood pressure became normal and peripheral vascular resistance was lowered. After treatment, he again became hypertensive with elevation of the peripheral vascular resistance. The presence, before treatment, of a low arteriovenous oxygen difference with an elevation of cardiac index disproportionate to the oxygen consumption also favors a state of peripheral vasodilatation.
It is interesting to speculate on the rapid reversal of tachycardia, elevated cardiac output, and low peripheral resistance following the administration of thiamine This sequence of events suggests that a deficiency of this vitamin is in some way responsible for the production of these abnormalities. The fact that postural hypotension, or altered vascular response to tilting, appeared most commonly after specific therapy was instituted does not negate the role of thiamine deficiency in its production. Other cardiovascular symptoms such as cyanosis and electrocardiographic abnormalities may be-come more prominent or may appear for the first time after the institution of specific therapy.'6 The cause of this phenomenon is unknown; possibly the increased metabolism accentuates the deficiency of other B vitamins or even of vitamin B,.
Thiamine deficiency may have both a central and peripheral effect on the cardiovascular system. There is definitive evidence that the myocardium is affected in beriberi and in experimentally induced thiamine deficiency states;"6' 21, 24-31 more recent studies on myocardial metabolism in thiamine-deficient animals have demonstrated an abnormal utilization of pyruvate and lactate.37' 38 From our observations it would also appear that acute thiamine deficiency, as manifested by Wernicke's encephalopathy, is accompanied by a state of peripheral vasodilatation, qualitatively similar to that found in beriberi.
SUMMARY
Cardiovascular studies were performed on 7 patients with acute Wernicke's encephalopathy. Four of these showed a cardiac output elevated out of proportion to oxygen consumption and associated with low peripheral vascular resistance. These abnormalities reverted to normal after treatment with thiamine and bed rest. Resting tachycardia was a frequent occurrence. In 2 patients the cardiac output was low and remained low with treatment; in another it was normal.
Postural hypotension was found in 7 of 12 patients. The most profound abnormalities in the cardiovascular response to tilting occurred after treatment with thiamine. 
